Retroperitoneal malignant schwannomas are extremely rare. Only a few cases have been reported, only one of which occurred in a child. We herein report a case of retroperitoneal malignant schwannoma in a 2-year-old boy who presented with a painless mass in the right lumbar region. The mass had gradually enlarged during a 1-year period, and it was about the size of the patient's fist at the time of consultation. Whole-abdomen computed tomography revealed a space-occupying lesion in the retroperitoneum infiltrating from the L1 to L4 spinal canal. A preoperative diagnosis of a retroperitoneal tumor was made, and complete tumorectomy was performed. Postoperative pathological examination showed a malignant schwannoma. The tumor recurred 1 month after the first operation, and a second complete excision was carried out; the postoperative pathologic examination findings were similar to the previous findings. The patient recovered well and continued to undergo close follow-up.
Introduction
Schwannomas are usually benign, and most of them are located in the head and neck region. 1 Only 0.5% to 5.0% of all schwannomas occur in the retroperitoneum. 2 Retroperitoneal malignant schwannomas are extremely rare, and only a few cases have been reported. Moreover, only one such case has involved a child; 3 the present report describes the second case of retroperitoneal malignant schwannoma in a child. We also present a review of the published literature on the epidemiology, pathogenesis, diagnosis, treatment, and prognosis of this rare condition to enhance the awareness and cognition of this disease among physicians in clinical practice.
Case report
This article was a case report and literature review; it involved no ethical issues and did not require ethics approval. We obtained written informed consent from the patient's parents. This consent statement is provided in the supplementary material.
A 2-year-old boy presented to our hospital in August 2017 for examination of a mass located in the right lumbar region. It had been discovered 1 year previously and had gradually enlarged without apparent pain. The mass was about the size of the patient's fist at the time of consultation. Physical examination showed no obvious abnormalities of the skin, and the boy was otherwise well. A routine examination showed that the mass had a soft, smooth surface with a fixed base. Whole-abdomen computed tomography (CT) revealed a space-occupying lesion in the retroperitoneum infiltrating from the L1 to L4 spinal canal ( Figure 1) . Examination of tumor markers showed a neuron-specific enolase level of 29.150 ng/ mL, which was slightly high; all other markers were normal. A retroperitoneal tumor was diagnosed, and surgical tumorectomy was carried out. During the operation, we found that the parenchyma of the tumor had an integrated capsule with its roots entering the spinal canal of the right L2 and L3 intervertebral foramens. The whole tumor was macroscopically resected during the operation. Postoperative pathologic examination showed a malignant tumor composed of spindle cells with large areas of necrosis. Immunohistochemical examination revealed that vimentin, SOX10, and S100 were strongly positive ( Figure 2 ) while Olig-2, P53, EMA, Neu-N, and Syn were negative. Finally, the patient was diagnosed with a malignant schwannoma and recovered well. He was discharged from the hospital on postoperative day 8. One month later, however, the tumor recurred and presented as a lumbar mass. He presented to our hospital again, and abdominal CT showed both an intraspinal and paraspinal space-occupying lesion with bone destruction of the vertebral body and its appendage ( Figure 3 ). Consequently, a second complete retroperitoneal macroscopic tumorectomy was performed. During the operation, we found that the mass was hard and rugged, measured about 7 Â 6 Â 3 cm, and was located behind the psoas muscle, clinging to the spine without apparent infiltration to the abdominal cavity or kidney. The tumor was completely resected again, and the pathological examination results were very similar to the previous findings, indicating a retroperitoneal malignant schwannoma ( Figure 4 ). The postoperative period was uneventful. Unfortunately, the tumor recurred for the second time about 5 weeks after the second operation. At this time, the patient visited a high-class hospital in Shanghai and underwent a third complete resection followed by histological confirmation. Although we were unable to obtain the specific examination results and postoperative pathology findings of the third hospitalization, the patient recovered well and had been followed up for 5 months at the time of this writing.
Discussion
Schwannomas arise from Schwann cells of the peripheral nerve sheath. 4 These tumors are usually benign and grow slowly.
head and neck region. 1 Schwannomas have been found at almost every location of the body, including the lower extremities, retroperitoneum, spinal column, mediastinum, abdominal cavity, and pelvis. However, these tumors rarely occur in the retroperitoneum; this location accounts for about 0.5% to 5.0% of all schwannomas. of age with a male:female ratio of 2:3. 6 Malignant retroperitoneal schwannomas, especially in children, are extremely rare; only one such tumor has previously been reported in a child. 3 The molecular pathogenesis of schwannomatosis may be attributed to coinvolvement of multiple tumor suppressor genes such as SMARCB1, LZTR1, and others. 7 Malignant schwannomas are frequently associated with neurofibromatosis type 1 (NF-1), also called von Recklinghausen's disease, while NF-1-associated malignant schwannomas have clinical features that differ from those of sporadic schwannomas and require more careful management. 8 In addition, because of the larger size of extracranial schwannomas, Cury et al. 5 considered that these tumors were likely to manifest secondary to degenerative changes such as cysts and calcification.
Preoperative diagnosis of retroperitoneal schwannomas is challenging because these Figure 2 . Postoperative pathologic examination after the first operation showed a malignant tumor composed of spindle cells with large areas of necrosis, and immunohistochemical examination revealed that vimentin, SOX10, and S100 were strongly positive.
tumors can mimic many common primary lesions. 1 Numerous studies involving largesample analysis have been performed. 9, 10 The symptoms of retroperitoneal schwannomas are variable due to the flexibility of the retroperitoneal cavity, and most affected patients are asymptomatic; this often results in the discovery of a substantially large tumor at the time of consultation.
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Preoperative diagnosis mainly depends on radiological examinations, such as CT and magnetic resonance imaging (MRI). 1, 12, 13 CT scans often show cystic changes, which are more common in retroperitoneal schwannomas (about 66%) and rare in other retroperitoneal tumors. 12 MRI can show low signal intensity on T1-weighted images and heterogeneous high signal intensity on T2-weighted images. 1, 13 Although both CT and MRI are nonspecific in the diagnosis of retroperitoneal schwannomas, they are of a certain clinical value in the establishment of differential diagnoses as well as distinguishing malignant from benign lesions. 1, 10 Fine needle aspiration and CT-or ultrasound-guided biopsy have been proven invalid for this tumor because of the high cellular pleomorphism and increased risk of hemorrhage, infection, and tumor seeding. 5, 14, 15 The definitive diagnosis is dependent upon pathological examination. 1 The diagnosis of retroperitoneal malignant schwannomas lacks standardized criteria, but it is characterized by features such as dense fascicules in a "marble-like" pattern consisting of asymmetrically tapered spindle cells and histological mitosis, pleomorphism, Figure 4 . Postoperative pathologic examination after the second operation showed a low-degree malignant tumor composed of spindle cells, and immunohistochemical examination revealed that vimentin, SOX10, and S100 were strongly positive. and blood vessel infiltration. 5, 16 Immunohistochemistry is of significant importance to the final diagnosis, and the most accurate positive markers mainly consist of S100, vimentin, GFAP, SOX10, and a few others. 11, 17, 18 The treatment of retroperitoneal malignant schwannomas is challenging. 19 Surgery is the primary treatment method because schwannomas are insensitive to radiation and chemotherapy. 20 Although whether it is necessary to resect negative soft tissue margins of retroperitoneal schwannomas is controversial, complete excision remains the optimal method 5, 21 for tumors suspected to be malignant; these can be generally diagnosed by preoperative examination and intraoperative rapid pathology. Additionally, laparoscopic resection 22 and robotic laparoscopic resection 23 are promising operative excision techniques.
The prognosis of retroperitoneal malignant schwannomas is not optimistic. Factors influencing the prognosis may include incomplete excision, 11 association with NF-1, 8 and hypoxia-inducible factor 1 alpha. 24 The most common problem is recurrence, which is much higher for malignant than benign tumors. 17 Moreover, a relatively high proportion of patients require several operations, and fewer than half of these patients survive for more than a few years. 25 The prognosis in children appears to be overwhelmingly negative. Both our patient and the one reported previously developed recurrence within 1 month of the first operation. Our patient underwent a second operation 6 weeks after the first operation, and the other child died 13 weeks after the first operation.
Conclusion
Retroperitoneal malignant schwannomas are extremely rare; only a few cases have been reported. The present report describes the second known retroperitoneal malignant schwannoma occurring in a child. The preoperative diagnosis of retroperitoneal malignant schwannomas mainly depends on radiological examinations and can only be definitively confirmed by pathology. Complete excision is currently the only potentially curative treatment method. However, the prognosis is not optimistic and may be particularly poor in children. Recurrence and death are the most serious problems after surgery, and close follow-up is absolutely essential.
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